Consumers no longer look for food characterized only by health safety and proper nutritional value. As a result, an increased interest in traditional and regional food can be observed. The aim of this paper is to analyze the results of a comparative analysis of three types of hams: traditional products registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development, then products whose names, retail prices, appearance, and manufacturer's description suggest traditional methods of production, and finally conventional hams. The results show that traditional hams are characterized by the highest nutritional value among the analyzed groups of products. They have the lowest water and a high protein content. In addition, traditional hams are distinguished by a low concentration of sodium chloride and no addition of phosphates. The residues of nitrites and nitrates indicate their moderate use in manufacturing processes.
Introduction
Modern-day consumers no longer look for food characterized only by its health safety and proper nutritional value. They expect products that stand out thanks to their sensory properties, high quality, and natural composition. As a result, an increased interest in traditional and regional food can be observed. Such products, due to the use of specific methods of growing plants, natural methods of breeding animals, and mainly good traditional processing technologies, are characterized by a specific appearance, smell, and taste [1] [2] [3] .
The European Union has been supporting multidirectional rural development for years. Conditions for manufacturers, enabling them to compete on the world markets, have been created. For this reason, instruments to help protect those manufacturers who ensure the quality and unique organoleptic characteristics of their products have also been developed. The Regulation (EU) No 1151/2012 of the European Parliament and of the Council of 21 November 2012 on quality schemes for agricultural products and foodstuffs, which introduces the possibility of product registration and grants them the status of Protected Designation of Origin, Protected Geographical Indication or Guaranteed Traditional Specialties is in force. Products approved by the European Commission may use the appropriate logo. As a result, they become easily identifiable by consumers. This in turn contributes to the growth of their reputation and may become an important element in stimulating their purchases.
Polish meat industry has a long tradition in the production of smoked meats with exceptional taste. The animals are reared using traditional feeds such as potatoes and green fodder, which positively affect the sensory qualities and other characteristics of meat quality. In addition, proper selection of raw materials and spices and the use of unique production methods for many years have given the indigenous products a unique appearance, taste, and aroma [4] . Processed meat products are very willingly bought by consumers. It is estimated that the average household buys from 250 to 500 grams of processed meat products a week, and as many as 50% of consumers eat such products at least five times a week [5] .
Poland is a country with very varied terrain and climate, and thus it has ample possibilities for crops cultivation and animal breeding. These factors, together with 2 Journal of Food Quality the temperament and habits of the folk, have led to the development of a number of unique products specific to certain areas. Unfortunately, in the list of products registered by the European Commission, there are only four Polish meat products. Three of them are Traditional Speciality Guaranteed: jałowcowa sausage, myśliwska sausage, and kabanosy. Lisiecka sausage as the fourth product has a Protected Geographical Indication. However, the List of Traditional Products made from meat is very long and many of them have a chance to be registered at the European Union level as regional products or Traditional Specialty Guaranteed [13] .
In Poland, however, there is a possibility of registering a product on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development. The aim is to identify traditional products available on the domestic market, characterized by a unique quality achieved by the use of old recipes and traditional methods of production and processing. It can also be treated as the first step in the preparation of manufacturers to register their products on the EU level.
Only products which are part of the cultural heritage of the region and have at least a 25-year tradition of manufacturing, which must be thoroughly documented by presenting old labels, photographs, recipes, and so forth, can enter the List of Traditional Products. Nevertheless, the methods of production and the characteristics of products do not need to be related to the region of their production [14] .
In the production process of traditional meat products, only natural ingredients (i.e., meat, salt, natural spices, e.g., garlic, onion, black or green pepper, cumin, bay leaf, etc.) are used. It is not allowed to use any artificial additives, improvers, fillers, or preservatives, with an exception of a mixture of salt and nitrite. In order to extend the shelf life of the products, they are subjected to the processes of drying or smoking. Smoked meats are produced in smokehouses with the use of natural carefully selected wood, without any addition of smoke flavorings.
Unfortunately, alongside traditional meat products, a wide range of high-performance products at a lower price is available on the market. Such products are, however, manufactured using the technology that requires the use of many additives. Meat is injected with brine and expensive raw materials are replaced by cheaper substitutes [5] .
The aim of this study is to investigate the possible differences in the nutritional value and to determine potential chemical hazards in three groups of meat products: the ones registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development; products whose appearance, name, price, and the description of the manufacturer indicate their traditional character, but which have not been registered on the abovementioned list, and conventional (mass) products.
Material and Methods
The research material consisted of 9 varieties of smoked pork hams available on the Polish market, which were put into three groups. Group I comprised 2 product varieties that were on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development. Group II was formed of the samples representing products whose names, retail prices, appearance, and manufacturer's description suggested traditional methods of production (3 varieties) and group III was formed of conventional products with low retail prices (4 varieties). Six hams of each variety were purchased in different marketplaces in manufacturers' stores, delicatessens, and supermarkets.
The research program was developed on the basis of literature data and the Polish Standard PN-A-82007:1996/A1:1998.
The nutritional value of hams was specified based on selected indicators: protein, water, fat, sodium chloride, total ash, Feder's number, Ca, Fe, Mg, K, Zn, Cr, and Cu.
The chemical food safety of hams was determined based on selected indicators: nitrates and nitrites, total and added phosphorus, Cd, and Pb.
The selected parameters were determined using the methods indicated in Table 1 .
A one-way ANOVA followed by pairwise t-test with Bonferroni correction was used to compare the means of the analysis results for the examined categories of hams. A value of 0.05 was required for statistical significance.
Profile charts were used in order to illustrate the differences between the analyzed groups of products. They show the determined values in the form of rectangles. The larger the rectangles are, the more the actual value deviates from the average total value of the specific parameter calculated for all products tested. The red rectangle represents variations in plus and the blue one in minus.
Results and Discussion

Nutritional Value.
Meat and meat products are a source of many important nutrients and therefore should be included in a well-balanced diet [15, 16] . The nutritional value of meat products is determined by the composition of raw materials and depends primarily on the ratio of proteins, fats, and water. The correct ratio of these components is also one of the main factors determining the attractiveness of the product for consumers. The content of collagen and elastin (connective tissue proteins) and the possible addition of plant-based proteins are also important. Hams usually have the highest protein content among all of the meat products [17, 18] . The literature highlights a wide variation between the nutritional values of meat products manufactured with the use of industrial methods and those that have been produced without additives.
The parameters affecting nutritional value of hams analyzed in this study are shown in Table 2 . Profile chart (Figure 1 ) illustrates the differences between three analyzed groups of hams in terms of the nutritional value parameters examined.
3.1.1. Protein. The analyzed hams contained on average 20.7% proteins. The highest concentrations of this nutrient were determined in the products registered on the List of Traditional Products of the Ministry of Agriculture and Rural Development (group I), an average of 25.5%. Unregistered traditional products (group II) contained on average 22.8% Water Oven-drying method [7] Fat Soxhlet method with the use of Büchi extraction system B-811 [8] Sodium chloride Mohr's method [9] Total ash Incineration in 550 ± 25 ∘ C with prior carbonization with the use of Nabertherm P-300 furnace [10] Nitrates Group I: products on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development. Group II: products whose names, retail prices, appearance, and manufacturer's description suggest traditional methods of production. Group III: conventional products. Letter symbols were used to mark statistically significant differences.
proteins. The smallest amounts of proteins were noted in conventional products, an average of 16.6%. These differences were statistically significant. It should be noted, however, that one of the unregistered traditional products contained in its composition liquid protein hydrolysate on the basis of maize and rapeseed, whereas conventional hams contain either milk protein, pork collagen, or soy protein, which resulted in an increase of the concentration of protein in these products.
The protein content similar to the group I products was found in the long maturing ham of the premium segment tested by Florek et al. [5] (25.8%). Yet, the imported hams examined by them contained on average 23.38% of that nutrient. Maturing hams are characterized by a higher protein content, an average of 30% [19] . The findings of Lucarini et al. [20] show that the long maturing hams (Modena, Nazionale, Parma, and San Daniele) contained on average 26.2% protein. Also, Marušić et al. [21] showed that the Istrian hams contained on average 32.4% protein in 2010 and 43.1% in 2012. Similar content of protein in conventional products analyzed in this study was determined by Szmańko et al. [22] for cooked hams, from 15.58% to 17.55%, and smoked hams examined by Florek et al. [23] , 
Fat.
The average fat content of the analyzed hams was 6.4%. The products in group I had the highest concentration of fat (8.56%). The average fat content in group II was 5.71% and in group III 5.81%. Due to the high variability of this parameter for the majority of product varieties, there were no statistically significant differences between the average contents of fat for the three analyzed groups. Florek et al. [23] noted 2% of fat in conventional pork ham, which is a similar value to the lowest concentrations obtained in this study. Imported hams investigated by them contained more fat, an average of 11.13%. The fat content in the cooked hams studied by Szmańko et al. [22] ranged from 3.83% to 7.21%. Szymański et al. [24] determined an average of 6.4% to 8.4% of fat in smoked hams in the years 2006-2008. Hams studied by Grześkowiak et al. [26] contained on average 3.51% of fat. Fat content in traditional hams analyzed by Grabowska et al. [25] amounted to 16.25% on average. This value is significantly higher than that obtained in the present study (8.56%). It should be, however, noted that the standard deviation in their study was quite large (14.47). In their research, conventional and local hams were characterized by a lower fat content: 9.29% and 4.38%, respectively. Lucarini et al. [20] determined the average fat content for Italian cooked hams of 9.6%. The value is similar to the content obtained in the present study for registered traditional products.
Long maturing hams, however, contain large amounts of fat due to a thick layer of fat surrounding the pig muscles. For instance, jamón ibérico contains 19.2% fat [27] , Parma ham 18.4%, and San Daniele ham 23% [28] . The fat content of ten hams analyzed by Fernández et al. [29] ranged from 17.2% for Jamo'n Serrano hams to 29.2% for the Dehesa de Extremadura hams. Hams examined by Lucarini et al. [20] , Modena, Nazionale, Parma, and San Daniele, were characterized by an average fat content of 18.4%. There are exceptions, though. For example, Bayonne ham analyzed by Jiménez-Colmenero et al. [30] contained an average of 3.05% fat. Istrian hams studied by Marušić et al. [31] contained an average of 9.96% fat. However, the same hams analyzed by Marušić et al. [21] contained 13.5% fat in 2010 and 17% fat in 2012.
Water.
The water content in meat products is mainly a result of its concentration in meat and fat raw materials. In the technological processes, water loss occurs. It results in the production yield being lower than 100%. In the case of highyield meat products, additives (i.e., phosphates, vegetable or animal proteins, starches, and carrageenan) are used to improve the water binding [17] .
The water content differed significantly between the analyzed groups of products. Products registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development contained on average 63.4% water, unregistered traditional products contained 66.7%, and conventional products contained 73.1%. However, conventional products contained polyphosphates in their composition, which improve water absorption properties of meat.
Szymański et al. [24] obtained the average water content in the range of 68.2% to 75.6% for smoked hams analyzed in the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . These values are similar to the ones obtained for conventional hams in this study. Kunachowicz et al. [32] determined the average water content in cooked pork ham at the level of 63.5% and at the level of 60.8% in smoked ham. Cooked ham analyzed by Lucarini et al. [20] contained on average 69.7% water, which is similar to the average obtained in the present study (68.7%). Long maturing hams, due to the technological process, contain substantially Journal of Food Quality 5 less water. Average water content in the Istrian hams analyzed by Marušić et al. [31] was 39.7% and that analyzed by Marušić et al. [21] was 41% in 2010 and 37.9% in 2012, whereas in Italian hams (Modena, Nazionale, Parma, and San Daniele) analyzed by Lucarini et al. [20] , the water content stood at 49.2%.
Total Ash.
Total ash is an approximation of mineral content in the product. It represents the residue after dry mineralization of organic substances contained in the sample.
A group of traditional hams were characterized by statistically significantly lowest total ash content (average of 2.44%). Unregistered traditional products contained more total ash (an average of 3.26%). The highest ash content was noted for conventional products (an average of 3.45%). Differences between groups II and III were not statistically significant. The average for all tested samples was 3.16%. Higher concentrations of total ash determined for conventional products may be associated with the addition of polyphosphates in their production processes.
Grześkowiak et al. [26] noted the average ash content of 3.17% in four smoked hams. Lucarini et al. [20] in the study of Italian cooked hams received a lower total ash content: 2.7%. Marušić et al. [31] , due to the high content of sodium chloride, determined significantly higher concentrations of total ash in Istrian hams, an average of 11.53%. Further research on Istrian hams proved lower concentrations of total ash, 7.2%, in samples tested in 2010 and 6.7% in samples tested in 2012 [21] . Long maturing Italian hams tested by Lucarini et al. [20] were also characterized by high total ash content: the average amount was 5.8 g per 100 g of the product.
Sodium
Chloride. There has been a tendency to reduce sodium chloride in meat products. This is partly caused by the use of additives enhancing flavor of products, such as sodium glutamate, as well as the compounds which have a synergistic action with sodium chloride such as phosphates [24, 33] . Another reason is that too much sodium consumed with food may cause hypertension or high blood pressure [34] .
The hams investigated in this study contained an average of 2.43% of sodium chloride. The highest average concentrations were detected in conventional products (2.56%) and unregistered traditional hams (2.5%). Products registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development contained statistically significantly less salt than other products (2.09% on average).
Long maturing hams contain significantly more salt. The amount of salt added depends on the size of its particles, amount of fat surrounding the pig's muscle, and the length of drying and desalination processes [31] . Istrian hams examined by Marušić et al. [31] contained on average 9.06% sodium chloride and those examined by Marušić et al. [21] contained 7.4% in 2010 and 6.3% in 2012. Cooked hams analyzed by Szmańko et al. [22] also contained more sodium chloride than the products of all the groups studied, from 3.0% to 3.59%. Grabowska et al. [25] obtained an average of 2.9% sodium chloride content in traditional hams. Smoked hams tested by Florek et al. [23] were characterized by an average salt content of 2.7%, a value close to the maximum obtained in these studies. Szymański et al. [24] found that the average content of salt in the smoked hams over the years 2000-2008 decreased from 2.64% to 2.12%. This is inconsistent with the results of this study. Only products registered as traditional showed similar values to those obtained by Szymański et al. [24] in the last years of their study. On the other hand, the hams analyzed by Grześkowiak et al. [26] had practically identical average sodium chloride content in comparison to the average level observed in all groups of hams of the present study, 2.42%.
Water/Protein
Ratio. Calculation of water/protein ratio (called Feder's number) is a parameter allowing determining the quality of meat products. The lower the value of this parameter, the higher the nutritional value of the product [24] . It should be noted, however, that the value of Feder's number changes with the shelf life of the product, because the water content is decreasing. Papadima and Bloukas [35] found that in the case of Greek traditional sausages this coefficient has dropped from 5.29 to 2.59 within 21 days of storage. Feder's number can also be used to determine the addition of water to the product and efficiency of the production process. Nevertheless, any supplementation of the product with the nonanimal protein and/or phosphates may artificially lower the value of this ratio [36] .
The average water/protein ratio in the analyzed hams accounted for 3.53. Conventional products were characterized by the highest Feder's number (average of 4.47), followed by the unregistered traditional products (average 3.01). The products registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development had the most preferred water/protein ratio (average of 2.51). The differences between the analyzed groups of hams were statistically significant.
Szymański et al. [24] , in the second round of their research (2005) (2006) (2007) (2008) , received similar values of Feder's numbers to the average of this study, from 3.79 to 3.51. They also noted positive downward trend of this ratio in the case of smoked hams. In 2000, the average Feder's number they determined was in fact 4.26.
Mineral Compounds.
The human body needs minerals for proper functioning. These compounds are exogenous, and thus they must be ingested with food. Minerals are divided into microelements, also known as trace elements (e.g., iron, copper, zinc, manganese, and molybdenum), and macroelements (e.g., calcium, phosphorus, magnesium, sodium, potassium, and chloride). A subgroup of microelements, for which the body has a very low demand (e.g., nickel, chromium, selenium, tin, vanadium, fluoride, and silicon), can also be distinguished. Minerals play a very important role, including tissue building, providing a waterelectrolyte balance of the body, and being a part of enzymes and hormones [37] .
Meat products are good sources of some minerals, especially iron, zinc, copper, and magnesium in well-absorbable form [16] . The concentrations of the following minerals were determined in the ham samples tested: calcium, zinc, iron, magnesium, potassium, cadmium, chromium, copper, and lead. The average content of iron (Fe) in the analyzed hams was 5.15 mg/kg. The highest concentrations of this element were noted for products of group I, the lowest for conventional products (6.16 mg/kg and 4.8 mg/kg, resp.). Differences between the analyzed groups were, however, statistically insignificant.
The results of the study have shown that the average content of zinc (Zn) in hams was 21.6 mg/kg. As in the case of iron, the highest concentrations of zinc were determined in the products registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development (on average 27.3 mg/kg) and the lowest in the conventional products (18 mg/kg). There were statistically significant differences between groups I and III as well as groups II and III.
The average content of magnesium (Mg) in the tested hams accounted for 184 mg/kg. The highest content of this element was found in the products of group II, the lowest in conventional hams. There were statistically significant differences between groups I and II, as well as groups II and III.
The ham samples tested proved to be a relatively good source of potassium (K). The average content of this element was at a level of 2936 mg/kg. The highest concentrations of potassium were found in unregistered traditional products (3493 mg/kg), while the lowest concentrations were found in registered traditional products (2475 mg/kg). Statistically significant differences were found between groups I and II, as well as groups II and III.
The average calcium (Ca) content in analyzed hams accounted for 133 mg/kg. The highest concentration levels were observed for the products of group III and the lowest for the products of group II (average of 182 mg/kg and 87.3 mg/kg, resp.). Statistically significant differences were found between groups I and III, as well as groups II and III.
Chromium and copper are ultratrace elements. They might be toxic at elevated concentrations [38] . The average chromium content in the ham samples tested accounted for 55.5 g/kg. The values for each group were similar; value was close to 1. The average copper content was 1305 g/kg. The highest concentrations of this element were noted in group I products (an average of 1602 g/kg), the lowest in conventional hams (1407 g/kg).
According to Ciborowska and Rudnicka [37] , raw pork ham contains 9 mg/kg of iron, 18.8 mg/kg of zinc, 210 mg/kg of magnesium, 2,890 mg/kg of potassium, 50 mg/kg of calcium, and 0.2 mg/kg of copper. Wagner et al. [39] obtained the following results for the pressed hams: 123 mg/kg of magnesium, 9.5 mg/kg of zinc, and 6.9 mg/kg of iron. Smoked ham analyzed by Kunachowicz et al. [32] contained 9 mg/kg of iron, 17.9 mg/kg of zinc, 200 mg/kg of magnesium, 3660 mg/kg of potassium, 50 mg/kg of calcium, and 0.2 mg/kg of copper.
Potential Chemical Hazards.
With the increase of consumers' awareness of the impact of nutrition on health, more interest in food additives is also seen. Some of the additives, despite the fact they are approved to be used in foods, are often considered by consumers as potentially harmful or possibly having irritant effects. In the list of substances authorized for use in the production of meat products, a number of allergens can be found. Therefore, consumers generally expect their food to have a limited amount of these additives [36] .
Food products can also contain heavy metals such as cadmium, lead, arsenic, or mercury. They enter the foods mostly as a result of environmental contamination. These compounds accumulate in the body, and the symptoms of disease appear, even after many years. They are especially dangerous for children and infants. Cadmium and arsenic are carcinogenic. Cadmium has detrimental effects on the lungs and kidneys. Cadmium and lead can also cause a number of diseases such as anemia, diseases of the cardiovascular system, or blood pressure rise. Lead, cadmium, and mercury can cause diseases of the nervous system [40, 41] .
The potential chemical food safety hazards of hams analyzed in this study are shown in Table 3 . Profile chart (Figure 2) illustrates the differences between the three analyzed groups of hams regarding investigated chemical food safety hazards.
3.2.1.
Phosphates. The phosphorus content in meat products depends on the amount of this element occurring naturally in meat and the quantity introduced in the production process in the form of di-, tri-, and polyphosphates of sodium, potassium, and calcium [26] . The average content of phosphorus expressed as P 2 O 5 in the analyzed hams was 0.55%. Conventional hams contained more of this element (0.64%) than unregistered traditional products (0.53%) and products on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development (0.41%). These differences were statistically significant. In the research by Grześkowiak et al. [26] , the analyzed hams contained on average approximately 0.42% phosphorus expressed as P 2 O 5 , which was similar to the value obtained for group I products in this study.
For consumers, however, information on the amount of added phosphorus in the production process is more important. According to the European Commission Regulation No. 1129/2011, the amount of phosphorus expressed as P 2 O 5 in meat products must not exceed 5000 mg/kg of the product, which is 0.5% of its weight. At the same time, the maximum daily dose of phosphates is 70 mg/kg of body weight.
All ham samples tested in the research met the legal requirements. Among the analyzed hams, the highest amount of phosphorus was added to the conventional products (on average 0.26% P 2 O 5 ). The addition of polyphosphates was, however, declared by all manufacturers. In unregistered traditional hams, on the other hand, a slight addition of phosphates (on average 0.04% P 2 O 5 ) was detected. In the case of traditional products, no polyphosphates were added. The difference in added phosphates content between all product groups was statistically significant.
In research by Kędzior and Machnik [42] , an average amount of added phosphorus expressed as P 2 O 5 was determined at the level of 0.1% for the ham samples tested. Szymański et al. [24] noticed a tendency to reduce the addition of phosphorus to smoked meat products. In the years 2002-2008, the average amount of phosphorus expressed as P 2 O 5 in the analyzed products fell from 0.27% to 0.18%. Nevertheless, they have studied the products aspiring to the title of the highest quality product in the meat industry. In our study, only conventional hams were characterized by comparable addition of phosphates (an average of 0.26%). The trend noticed by Szymański et al. [24] is therefore maintained and now traditional hams are produced without even minimal addition of these compounds.
Nitrates and Nitrites.
The presence of nitrites and nitrates in meat products is a result of their introduction in the production process at the stage of curing. The objective of this phase of production is to induce a specific and permanent pink color and provide the meat products with protection against the development of bacteria, as well as give them a desired flavor and delay the oxidation processes of fatty acids and cholesterol [5, 41, 43] .
Considering the guidelines of the European Food Safety Authority, the acceptable limits of nitrites and nitrates used in meats to ensure microbiological safety of products were established. The introduction of maximum permissible amounts of these compounds in the ready-to-eat processed meat products was, however, abandoned. The restrictions only limit the maximum permissible doses of the abovementioned substances that can be introduced into the product during technological process of production. The residues of nitrites and nitrates can in fact be differentiated, and the safety of the product is determined by the amount of these substances introduced during production. In addition, the nitrates can be used only when the products are not subjected to any heat treatment, and the maximum amount that can be used currently stands at 150 mg/kg of the product. Heating the nitrates leads to the formation of carcinogenic nitrosamines. Moreover, the vitamin C addition can be used to prevent the negative transitions of nitrites and nitrates. In the case of the traditional meat products indicated in Annex II of Regulation No. 1129/2011, the maximum amount of nitrates used in the listed products is 300 mg/kg, whereas in the case of nitrites it was 180 mg/kg. The maximum residues in the finished products are 250 mg/kg of nitrates and 175 mg/kg of nitrites, respectively [44, 45] .
Nevertheless, it should be noted that nitrites and nitrates consumed by humans come mainly from vegetables (from approx. 80% [44] to 90% [46] ) and water. Meat products are in the third place with less than 5% of intake [47] .
Researches show that small amounts of these compounds do not carry any risk to human health. What is more, they play an important role in regulating blood pressure, in preventing memory loss, and in the acceleration of wound healing. The human body itself produces nitrites and nitrates from arginine. Nonetheless, a dose of 3-5 grams of these compounds may pose a serious risk to people's lives. This is due to a higher affinity for oxygen than hemoglobin, which may lead to hypoxia. Moreover, nitrites with secondary amines may form carcinogenic nitrosamines in the stomach [44, 46, 48] .
According to Lücke [49] , there is no good alternative for nitrites and nitrates. The use of vegetables rich in these compounds can lead to an overdose [41] .
The precise estimation of addition of nitrites and nitrates used in the meat products' manufacturing process according to the assessment of residues in the final product seems impossible. This is due to the multidirectional conversions of those compounds during the technological processes. In particular, nitrites may be oxidized to nitrates in a low acidity environment [50] . Referring the total amounts of nitrites and nitrates for the analyzed products to the requirements of Regulation No. 1129/2011, it can, however, be stated with high probability that none of the tested meat products exceeded the allowed limits. The ham samples tested contained on average 20.7 mg/kg of nitrites and 16.2 mg/kg of nitrates.
The highest values of nitrates and nitrites were determined for conventional products. Hams belonging to this group contained on average 33.2 mg/kg of nitrites and 13.3 mg/kg of nitrates, and 46.5 mg/kg in total. The lower total content of nitrates characterized traditional hams registered on the list of Polish Ministry of Agriculture and Rural Development, 33.2 mg/kg. These products contained more nitrates (average of 19.8 mg/kg) than conventional products, but less nitrites, an average of 13.3 mg/kg. The lowest contents of nitrogen compounds were determined in unregistered traditional hams (an average of 26.7 mg/kg of total nitrates, 9.02 mg/kg of nitrites, and 17.7 mg/kg of nitrates). Due to high standard deviations, statistically significant differences were found only between the contents of nitrites in conventional product and the other two groups of meat products.
In the research by Kędzior and Machnik [42] , the average total content of nitrites and nitrates in pork hams was significantly higher than that obtained in this study, 82.4 mg/kg.
Cadmium and
Lead. In recent years, the level of lead content in food has gradually decreased in connection with the efforts to reduce lead emissions to the environment. Nevertheless, lead at low concentrations is still present in most foodstuffs. The highest level of this element can be found in meat offals and shellfish. The presence of lead in food products is the effect of inappropriate processing (pollution) or the production of food in contaminated areas [15, 41] .
Cadmium occurs naturally in the environment. It is the component of the earth's crust and it accumulates in the soil. The major sources of cadmium are fruits and vegetables to which this element is transferred from the soil. It accumulates in kidney and liver. Half-life of cadmium accounts for 10 up to 30 years. Acceptable weekly intake of cadmium was lowered recently to 2.5 mg/kg body weight. For lead, the value is 25 mg/kg body weight [41, 51] .
According to the Commission Regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs, the lead content in the meat must not exceed the limit of 0.1 mg/kg, whereas cadmium must not exceed 0.05 mg/kg. The values obtained in the present study did not exceed the ones mentioned above.
The average content of lead (Pb) in the ham samples tested accounted for 0.0299 mg/kg. The highest content of this element characterized the hams from the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development (approximately 0.049 mg/kg). The differences, though, were not statistically significant.
The average concentration of cadmium (Cd) in the hams tested was 0.00392 mg/kg. The statistical analysis showed no significant differences between the analyzed groups of products.
Wagner et al. [39] obtained results similar to or exceeding the allowed limit of the content of heavy metals in food products. The concentration of cadmium and lead in pressed hams accounted for 0.02 mg/kg and 0.39 mg/kg, respectively. Traditional hams tested by Alturiqi and Albedair [52] exceeded acceptable limits for the content of cadmium and lead.
Conclusions
Traditional hams examined in the present study were characterized by the highest nutritional value among all of the groups of products analyzed. They had the lowest water and highest protein content. In addition, traditional hams were distinguished by the low concentration of sodium chloride and no addition of phosphates, which resulted in a low content of total ash. The residues of nitrites and nitrates indicate their moderate use in manufacturing processes. Moreover, traditional products had the most favorable water/protein ratio among the studied groups of products. They were also characterized by the highest content of iron, zinc, and copper.
Conventional hams, on the other hand, exhibited the highest content of water, sodium chloride, phosphates, and total ash and the lowest concentration of protein. Hence, they had the least favorable water/protein ratio among the analyzed groups of products. They contained less nitrates but more nitrites than the traditional products.
The unregistered traditional products were characterized by parameter values either on intermediate level or on the level similar to the ones exhibited by products registered as traditional. In their production, comparable amounts of nitrites and nitrates to those used for curing hams registered on the List of Traditional Products of the Polish Ministry of Agriculture and Rural Development were added. The unregistered traditional hams were distinguished by the highest content of magnesium and potassium.
Additional Points
Practical Applications. The results presented in the article contribute to the debate on the differences between traditional and conventional food products. The literature highlights a wide variation between the nutritional values of meat products manufactured with the use of industrial methods and those that have been produced without additives. However, there is a lack of information on the quality and composition of traditional smoked meats in comparison to their conventional equivalents. Therefore, the data presented in the manuscript can be used both by consumers to learn about the differences between these two groups of products and by scientists worldwide for comparison with their research results.
